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METHOD AND APPARATUS FOR MELTING 
GLASS IN U-FLAME AND CROSS-FIRED 

TANK FURNACES WITH A REDUCTION OF 
THE NOX AND CO CONTENT OF THE 

WASTE GASES 

BACKGROUND OF THE INVENTION 

The invention relates to a method for melting glass from 
charging material in U-?ame and cross-?red tank furnaces 
With burners for fossil fuels and With regenerators for the 
recovery of Waste heat for preheating the combustion air, 
Whereby set amounts of oxygen and primary fuel are intro 
duced into the area around the ?ame roots under slightly 
sub-stoichiometric conditions to cover the heat requirement 
for the melting process, Whereby secondary fuel and addi 
tional air are introduced beyond the end of the ?ame in order 
to further reduce the content of NOx, and CO in the Waste 
gases by re-burning or post oxidation, in such a Way that 
ultimately at least approximately stoichiometric combustion 
takes place, and Whereby the Waste gases are used to preheat 
the charging material in at least one raW material pre-heater 
before they enter the Waste gas stack. 

In glass furnaces With regenerators, Whether cross-?red 
(side port) or U-?ame (end port), the Waste gas temperatures 
are normally in the range of 400—500° C. after the reversal 
of the ?oW direction of the gases in the furnace. 
Simultaneously, oxygen concentrations of 4 to 5% are found 
here, as it is not possible to keep either the regenerator 
chambers or the subsequent reversal valves completely 
sealed. Although it is possible to preheat the charging 
material in raW material pre-heaters With the temperatures 
mentioned above, it is only possible to achieve a preheating 
temperature of approximately 300° C. Therefore, such raW 
material pre-heaters and the corresponding auxiliary equip 
ment can only be amortiZed over a long time period. 

Methods for reducing NOx are knoWn. One knoWn 
method referred to as the “gas re-burn” method has the 
disadvantage that the additional combustion air has to be 
introduced in a part of the regenerator chamber Which is 
relatively inaccessible, i.e., in the checkerWork, as otherWise 
there is insufficient time for re-burning or post oxidation, for 
example in order to complete the oxidation of CO to CO2. 
Therefore excessive concentrations of CO must be expected 
after the ?lter. Furthermore, the method referred to as “gas 
re-burn” has the disadvantage that the energy from the 
supplementary fuel introduced, the so-called secondary fuel 
quantity, must be considered as lost unless it is used for the 
production of hot Water or steam in a Waste heat boiler. 
HoWever, this method is not as economic as returning the 
energy directly to the process. 

The publications detailed beloW are all concerned With the 
problem of reducing the oxides of nitrogen (NO,) in the 
Waste gases When melting glass in furnaces Which have 
burners for fossil fuels and regenerative heat exchangers. 
The furnaces can be designed as either cross-?red or 
U-?ame furnaces. Afeature common to these furnaces is the 
fact that the ?ame direction is reversed at periodic intervals 
e.g., every 20 minutes. Only a part of the fuel is fed to the 
?ame root (referred to beloW as the “primary fuel”), a further 
part of the fuel (referred to beloW as the “secondary fuel”) 
is introduced beyond the ?ame end and Within the opposite 
port neck and/or in the regenerative heat exchanger, and if 
necessary more oxygen is introduced doWnstream, so that 
When considered in total, stoichiometric combustion is 
achieved. 

The term “gas re-burn” has become established for this 
process in scienti?c ?elds. The measures described are 
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2 
carried out in the expectation that a large proportion of the 
thermal energy of the secondary fuel introduced outside the 
furnace chamber, Which can amount to betWeen 5% and 17% 
of the total fuel requirement, is retained in the heat 
exchanger, and then transferred to the incoming combustion 
air, in order to compensate as far as possible for the “energy 
sacri?ce” of maintaining clean air. HoWever this expectation 
is practically unful?llable, as the ef?ciency of modern 
regenerators cannot be increased any further. 
From US. Pat. No. 4,372,770 and the corresponding 

French patent application 2 510 423 it is knoWn that during 
re-burning, ammonia can be added at gas temperatures 
betWeen 870° C.—1090° C. in order to reduce the oxides of 
nitrogen. It is further stated that before the ammonia is 
added, the secondary fuel should be added at temperatures 
of at least 1420 ° C., in order to destroy part of the oxides 
of nitrogen in advance. HoWever, this necessitates the intro 
duction of large quantities of secondary fuel and leads to a 
high thermal load on the materials of the heat exchanger. 
Furthermore, the heat exchangers are divided into primary 
and secondary regenerators in the direction of ?oW, Whereby 
it is advantageous if the secondary fuel is introduced before 
the primary regenerator and the ammonia is added betWeen 
the tWo regenerators. The building and operating costs are 
therefore considerable. The Waste gas temperatures in the 
direction of the stack are given as being from 7000 C.—1090° 
C., Which leads to considerable energy losses. It is also 
pointed out that the mixing of the reaction components in the 
regenerator checkerWork is poor. 
A similar method With high reaction and Waste gas 

temperatures and tWo-part regenerators is described in US. 
Pat. No. 4,328,020. 
From the publication by Koppang/Moyeda/Donaldson 

“Glass Furnace NOx Control With Gas Reburn”, published 
by The American Ceramic Society, © 1996, pages 19 to 35, 
ISSN No. 0196-6219, it is knoWn that the ratio of the ?nal 
content to the initial content of NOx can be reduced from 
42—46% to 15—30% With increasing injection temperature of 
the secondary fuel. The said injection temperature is thereby 
raised from 1049° C. to 1621° C. The study comes to the 
conclusion that approximately 50—60% of the energy from 
the secondary fuel can be recovered in the regenerators, 
Whereby their temperature rises by approximately 66° C. It 
is also stated that a minimum time of approximately 0.3 
seconds (in practice 0.5 seconds) must be available for the 
mixing process and the chemical reduction. These authors 
also come to the conclusion that local gas temperatures of at 
least 760—871° C. are required for this. The study comes to 
the further conclusion that the reduction of the nitrogen 
oxides to nitrogen depends to a large degree on the stoichi 
ometry in the re-burn Zone, Whereby the optimum level lies 
in the sub-stoichiometric range betWeen 0.8 and 0.9. It is 
also mentioned that the disadvantageous cost balance can 
presumably be partly improved in that the Waste gases can 
be used for preheating the charging material of the glass 
melting furnace. HoWever this is not possible With the high 
temperatures given, because the charging material becomes 
sticky in the raW material pre-heater and does not slide any 
more. In the European Patents Nos. EP 0 599 547 and EP 0 
599 548, it is presumed that sub-stoichiometric combustion, 
i.e., combustion With an excess of primary fuel or With a 
de?ciency of oxygen, above the glass melt can be expected 
to produce poor glass quality. In order to correct this it is 
suggested that the regenerators should be built as gas tight 
as possible, so that no air can enter in an uncontrolled 

fashion, and the process should be operated so that the Waste 
gases at the furnace outlet and/or at the regenerator entry 
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contain unburnt primary fuel as a result of sub 
stoichiometric combustion in the furnace, Which undergoes 
pyrolysis on its further path into the regenerators, as a result 
of Which radicals can be formed, Which lead to a reduction 
of the nitrogen oxides to nitrogen. 

Re-burning as a result of the addition of air occurs behind 
the regenerator packing, i.e., at the loWer exit to the regen 
erator and shortly before the stack entry. The temperature at 
this point should be at least 650° C., and preferably higher. 
It is suggested that a Waste heat boiler be installed in the 
stack to reduce the energy losses. In addition, it is suggested, 
albeit Without a detailed description of solutions, that the 
Waste gases be cooled doWn before they enter a Waste gas 
treatment plant or electrostatic ?lter. HoWever, an adequate 
sealing of the regenerators is practically impossible, at least 
With an acceptable level of investment. 

It is also knoWn from the European Patent Applications 
EP 0 758 628 and EP 0 759 412 that in glass melting 
furnaces, Waste gases containing combustible materials 
including CO can be treated by the addition of air and by the 
burning of the CO beneath the regenerator packing to reduce 
the contents of CO and NOx. Sealed regenerator chambers 
and the addition of suitable excess fuel in the furnace 
chamber or the sealed regenerators is assumed, so that the 
reaction temperature is higher than about 650° C. The 
questions of hoW the high temperatures may be reduced by 
a heat exchanger to make them suitable for raW material 
preheating, and hoW an acceptable residence time is 
achieved, remain unansWered. 

The not pre-published U.S. Pat. No. 5,795,364 in turn 
describes the basic principles of the “re-burn process” in a 
glass melting furnace With regenerative heat exchangers for 
preheating the combustion air and deals speci?cally With the 
problem of improving the mixing of the individual compo 
nents: primary fuel/primary air, initial combustion gases/ 
secondary fuel and the second combustion gases/secondary 
air, in order to avoid fuel-rich combustion Zones and to 
reduce the damage to furnace structural materials. This takes 
place Without an increase in the NOx components by estab 
lishing a “coef?cient of variation” (COV), Which can be 
determined from a formula, or measured by means of 
sensors, Which determine the gas composition in the indi 
vidual planes of the combustion Zones. The formula men 
tioned includes a standard deviation (SD) as a variable, the 
calculation of Which leads to the coef?cient of variation 
COV as a difference [1-SD]. The value of the coef?cient of 
variation COV should be approximately 0.4, Which results in 
approximately stoichiometric combustion in the individual 
combustion Zones. The document in question does not deal 
With the recovery of Waste heat at the outlet of the regen 
erative heat exchanger by means of the introduction of the 
Waste gases into a pre-heater for the charging material, nor 
With the control of the maximum temperature at the entry to 
the pre-heater by in?uencing the volume of secondary fuel 
for the re-burning. 

The not pre-published US. Pat. No. 5,823,124 describes 
a “re-bum process” in Which fuel is burned With an oxidation 
gas in a furnace under approximately stoichiometric 
conditions, Whereby the furnace can also be a glass melting 
furnace. In an afterburner, Which can also be a burner port, 
the furnace Waste gases are enriched With additional fuel and 
fed With the excess fuel to a burnout unit, Which may be a 
regenerator, recuperator or reactor. Further oxidation gas is 
supplied to the individual burnout units, in order to achieve 
approximate stoichiometric combustion. The oxidation gas 
is hereby added at the inlet of the burnout unit. A cooling 
medium is added to the burnout unit in order to cool the 
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4 
Waste gases, Whereby ambient air is suggested for this 
application. In addition to the preheating of the oxidation 
gases in the burnout units, they can also be preheated in a 
heat exchanger in a Waste gas stack. HoWever this is the limit 
of the heat recovery, and the preheating of solid charging 
material is not mentioned. The cooling air mentioned above 
is, for example, fed into the Waste gas stack together With its 
total heat content, Which therefore prevents the reuse of the 
energy. The document also deals With the in?uence on the 
NOx content in the Waste gases of variation of the oxygen 
content in the oxidation gas betWeen 20—100%, and comes 
to the conclusion that this pollutant is at its highest level of 
over 6% at an oxygen content of approximately 35% and 
diminishes to almost Zero at an oxygen level of 100%, 
Whereby the disadvantages of operating a furnace With 
almost pure oxygen predominate. 
A common factor of all knoWn solutions is that the 

transport paths and residence times of the gas mixtures are 
too short for thorough mixing and post oxidation, so that the 
Waste gas temperature is intolerably high, and that the losses 
through unused and unusable energy from the secondary 
fuel can only be partly compensated for. 
The efficient removal of both NOx and CO cannot be 

achieved easily, as this depends on process steps Which are 
diametrically opposed to one another. This is discussed in 
detail beloW, based on the familiar Boudouard equilibrium 
conditions, according to Which the balance moves toWards 
CO With increasing temperature at temperatures above 4000 
C. When carbon or carbon compounds are present. At 650° 
C., for example, the balance is betWeen approximately 60 
vol.-% CO2 and 40 vol.-% CO. 

SUMMARY OF THE INVENTION 

An object of the invention is therefore to present a method 
and control system Whereby the de?ciencies of the knoWn 
processes are eliminated and Whereby both the NOx and the 
CO contents of the Waste gases are reduced, and, Within the 
limits of technical feasibility, With Which an almost complete 
recovery of the energy content of the excess fuel is possible, 
Without halting the How of the charging material in the 
pre-heaters or the charging equipment at the charging end of 
the furnace. 

This object of the invention is accomplished by the 
method described at the beginning in that the temperature of 
the Waste gases from the regenerators is measured before the 
gases enter the at least one raW material pre-heater and in 
that the volume of the secondary fuels is controlled in 
accordance With the values of the temperatures measured, so 
that the Waste gases have a temperature of at least 400° C. 
before they enter the at least one raW material pre-heater, and 
are preferably just beloW that temperature at Which the 
charging material tends to stick. 
The method according to the invention concerns a com 

bination of batch preheating and the heating of the Waste 
gases in such a Way that the NOx content in the Waste gases 
is considerably diminished. It has been shoWn, for example, 
that When the Waste gas outlet temperature is 400° C. and the 
oxygen content in the Waste gas is 4% the ef?ciency of the 
melting tank can be increased from 50 to 55% by preheating 
the charging material. If the Waste gas is also heated to 600° 
C. by fuel supplied to the burner noZZles, the same level of 
ef?ciency is reached, but With the additional advantage that 
NOx is considerably reduced. Furthermore, the charging 
material is at a higher temperature When it enters the 
furnace, so that an increase in melting capacity can be 
expected. The level of NOx is therefore reduced Without 
incurring additional operating costs. 
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The installation for the additional reduction of NOx con 
sists in principal of a fuel controller in a bypass of the fuel 
supply line, by means of Which the fuel quantity is regulated 
in accordance With the temperature in front of the raW 
material pre-heater. The regulated fuel quantity is supplied 
to the Waste gas ?oW on the exhaust side of the regenerative 
furnace. The temperature controller is alWays connected to 
the exhaust side. As a result of the heating of the Waste gases 
to 600 or 650° C. the Waste gas temperature is higher than 
it Would be if the charging material Were to be preheated 
With a Waste gas temperature of only 400° C., even When the 
batch preheating temperature reaches 450° C., so that it can 
be ensured that the temperature along the Waste gas path 
never falls beloW the deW point of the Waste gas compo 
nents. 

In particular, absorbers are very often installed in front of 
doWnstream electrostatic ?lters. Such absorbers use calcium 
hydroxide to absorb the SO2 in the Waste gases. This SOx 
absorption process operates better in comparison at higher 
temperatures than at loW temperatures. Of course heat losses 
are found in the absorbers and ?lters along the total Waste 
gas path, so that the invention also ensures that the conden 
sation temperature of the SOx in the Waste gases is still 
exceeded at the stack outlet. The method according to the 
invention alloWs the temperatures to be increased, so that the 
safety margin to the acid deW point can alWays be adjusted. 

Of particular importance, hoWever, is the fact that With the 
method according to the invention the use of the raW 
material pre-heater results in an increase in the residence 
time of the Waste gases in the Waste gas path in a temperature 
range in Which the shift from CO to CO2 according to the 
Boudouard equilibrium still takes place in an acceptable 
time period, so that the CO is also oxidized almost com 
pletely to CO2, Without the necessity to supply air to an 
inaccessible part of the regenerator chamber. 

The reduction of the CO content does not take place 
simultaneously With the that of the NOx content; it occurs 
namely as a result of the oxidation of the CO Whilst the gas 
velocity is reduced in the raW material pre-heaters, and at 
temperatures at Which the CO oxidation still takes place fast 
enough even Without combustion. 

It is particularly advantageous here, if either individually 
or in a combination: 

the combustion air for re-burning, if required, is fed into 
the Waste gases beloW the checkerWork of the 
regenerators, 

the post oxidation is at least partially carried out in the at 
least one raW material pre-heater, 

a bypass is installed betWeen the Waste gas ?ue from the 
regenerator to the raW material pre-heater and the Waste 
gas ?ue from the raW material pre-heater to the stack, 
With a shut-off valve Which is sWitched over When the 
?oW direction in the furnace is reversed, 

the amounts of primary and secondary fuel supplied to the 
burners are regulated in such a Way that during the 
furnace heating phase the amount of primary fuel 
required for the melting is supplied via a main fuel 
supply line With a ?rst, open shut-off valve, and that 
during the re-burning phase such amounts of secondary 
fuel as are determined by the temperatures measured in 
the Waste gases before the entry to the raW material 
pre-heater are supplied via a bypass line parallel to the 
main fuel line With a control valve and at least one 
second open shut-off valve, and that the temperature of 
the Waste gases before the entry into the raW material 
pre-heater is at least 400° C. and preferably just below 
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6 
that temperature at Which the charging material tends to 
stick, and if shut-off valves in the main supply line and 
in the bypass line are sWitched over alternately accord 
ing to the reversal of the ?oW direction of the combus 
tion gases above the glass melt. 

The invention also concerns a control system for melting 
glass from charging material in U-?ame and cross-?red tank 
furnaces With burners for fossil fuels and With regenerators 
for the recovery of Waste heat for preheating the combustion 
air, Whereby set amounts of oxygen and primary fuel can be 
introduced into the area around the ?ame roots under 
slightly sub-stoichiometric conditions to cover the heat 
requirement for the melting process, Whereby secondary fuel 
and additional air can be introduced beyond the end of the 
?ame in order to further reduce the content of NOx and CO 
in the Waste gases by re-burning or post oxidation, in such 
a Way that ultimately at least approximately stoichiometric 
combustion takes place, and Whereby the Waste gases can be 
used to preheat the charging material in at least one raW 
material pre-heater before they enter the Waste gas stack. 

In order to achieve the object of the invention a control 
system according to the invention is characteriZed by the 
fact that a temperature sensor for measuring the Waste gas 
temperature is installed in the Waste gas ?ues coming from 
each regenerator chamber before the entry of the Waste gases 
into the at least one raW material pre-heater, and by the fact 
that the output of the temperature sensor is coupled to a 
control system With a controller and a control valve, by 
means of Which the quantity of secondary fuel can be 
adjusted according to the temperatures measured, in such a 
Way that before the entry into each raW material pre-heater 
the temperature of the Waste gases is at least 400° C. and is 
preferably just beloW that temperature at Which the charging 
material tends to stick. 

It is again particularly advantageous, if Within the scope 
of further embodiments of the invention either individually 
or in a combination: 

in each control system for regulating the quantities of 
primary and secondary fuels supplied to the burners 

a) a main fuel supply line is provided for the primary fuel 
With a ?rst shut-off valve, and 

b) a bypass line is provided for the secondary fuel, parallel 
to the main fuel line, With a control unit and a control 
valve and With at least one second shut-off valve, if 

c) the output of the temperature sensor is connected to the 
control system and the control valve in the bypass line 
via a controller in such a Way that such quantities of 
secondary fuels can be added by means of a control 
valve so that a Waste gas temperature of at least 400° C. 
is reached before the entry into the raW material pre 
heater and the Waste gas temperature preferably lies 
just beloW that temperature at Which the charging 
material tends to stick, and if 

d) the shut-off valves in the main supply line and in the 
bypass line can be sWitched over alternately by means 
of the control unit according to the reversal of the ?oW 
direction of the combustion gases above the glass melt, 

a bypass ?ue relative to the raW material pre-heater is 
installed betWeen the Waste gas ?ue from each regen 
erator to the raW material pre-heater and each Waste gas 
?ue from the raW material pre-heater to the stack, said 
bypass ?ue With a shut-off valve, Which can be 
sWitched over When the ?oW direction is reversed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

An embodiment of the object of the invention and its 
method of operation are described beloW and is illustrated 
by FIGS. 1 to 4. The ?gures shoW: 
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FIG. 1 is a vertical longitudinal section through a U-?ame 
furnace and through tWo re-generators along the line I—I in 
FIG. 2, 

FIG. 2 is a plan vieW of the furnace of FIG. 1, partially 
sectioned, 

FIG. 3 is the section in circle III of FIG. 1 on a much 
enlarged scale With a schematic control circuit, and 

FIG. 4 is the Boudouard equilibrium diagram. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIGS. 1 and 2 shoW a U-?ame furnace (referred to beloW 
as “the furnace”), Which has a charging end 2 With tWo 
doghouses 2a and 2b situated laterally and an extraction end 
3, Which is connected to a distribution tank 4. TWo regen 
erator chambers 5 and 6, With checkerWork 5a and 6a for the 
recovery of Waste heat for preheating the combustion air, are 
installed in front of the charging end 2, and are coupled to 
the combustion chamber 9 of the furnace 1 by means of ?oW 
channels 7 and 8. The regenerators 5 and 6 are operated 
alternately With periodic ?oW reversal (arroWs 38 and 39 in 
FIG. 3). The primary air is supplied to the regenerators 5 and 
6 through the primary air inlets 5b and 6b. 
On the furnace side the ?oW channels 7 and 8 end in 

burner ports 7a and 8a, each of Which is equipped With a 
group of 4 burners 10 and 11 (indicated by dashed lines) 
installed in an underport arrangement (FIG. 3). In accor 
dance With FIG. 2, the arrangement is mirror-symmetric. As 
the method of operation is knoWn, it is not explained here in 
detail. 

Controlled and preset quantities of oxygen and primary 
fuel are introduced in the region of the burners 10 and 11 
and/or the ?ame roots on one side of the furnace at a time, 
With slightly sub-stoichiometric conditions and With loWer 
NOx, levels in the Waste gases, to supply the heat required 
for the melting process. In order to further reduce the NOx, 
content in the Waste gases by re-burning, secondary fuel is 
introduced beyond the ?ame ends through the other burners 
10 or 11, in such a Way that at least approximate stoichio 
metric combustion takes place as a result of the additional air 
supplied doWnstream. The Waste gases from the regenera 
tors 5 and 6 are subsequently passed through a main Waste 
gas ?ue 31 to a stack 15, Which is only indicated here. 
RaW material pre-heaters 13 and 14 for preheating the 

charging material 12 are installed above each doghouse 2a 
and 2b, and the Waste gases from the regenerators 5 and 6 
are passed to these pre-heaters 13 and 14 before entering the 
Waste gas stack 15. This is achieved by means of a further 
Waste gas ?ue 16, in Which a fan 17 is installed, and Which 
is connected to the main Waste gas ?ue 31. The Waste gas 
?ue 16 divides into parallel Waste gas ?ues 16a and 16b 
(FIG. 2) for parallel connection of the raW material pre 
heaters 13 and 14. A temperature sensor 18 for measuring 
the Waste gas temperature is installed in each of the Waste 
gas ?ues 16a and 16b immediately in front of the entry into 
the raW material pre-heaters 13 and 14. 
As shoWn in FIG. 3, output 18a of the temperature sensor 

18 is connected to a control system 19 (enclosed by a 
dash-dotted line) Which has a controller 20 and a control 
valve 21, that regulate the quantity of secondary fuel accord 
ing to the temperatures measured. The fuel quantity is 
indicated by a ?oW meter 22. The control valve 21 and the 
?oW meter 22 are installed in a bypass line 23, in Which there 
are also tWo shut-off valves 24 and 25. The bypass line 23 
bypasses a shut-off valve 26, Which is installed in a main 
supply line 27 for the fuel, and Which also receives its 
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8 
control commands from the control system 19. The shut-off 
valves 24 and 25 are open during the re-bun phase, and the 
shut-off valve 26 is closed. A sWitch 20a can be used to pass 
the output of the controller 20 via a cable 20b alternately to 
a parallel control system for each burner group. 

Control is carried out in such a Way that in front of the 
entry to each of the raW material pre-heaters 13 and 14, the 
Waste gases have a temperature of at least 400° C. and are 
preferably just beloW the temperature at Which the charging 
material tends to stick. Experience has shoWn that the Waste 
gases can be at temperatures betWeen 600° C. and 650° C. 
When they enter the raW material pre-heaters 13 and 14. 
Initially the charging material 12 is in a silo 28 from Where 
it is transported by a vibratory conveyor 29 into the respec 
tive raW material pre-heater 13 and/or 14. 
The shut-off valve 26 in the main supply line 27, and the 

shut-off valves 24 and 25 in the bypass line 23, are reversed 
alternately in accordance With the reversal of the ?oW 
direction of the combustion gases above the glass melt by 
means of a control system not shoWn in the ?gure. The 
reversal cycle time is approximately 20 minutes. 
TWo Waste gas ?ues 30a and 30b lead from the tWo raW 

material pre-heaters 13 and 14, Which are connected in 
parallel, to a junction point 30c of a common Waste gas ?ue 
30, Which in turn connects into the main Waste gas ?ue 31. 

Three adjustable slide valves are installed in the main 
Waste gas ?ue 31 in order to prevent a short circuit in the 
?oW, Which Would cause a bypassing of the raW material 
pre-heaters 13 and 14, and/or to prevent the Waste gases 
being sucked back in by the fan 17. 

Fans 34 supply controlled amounts of additional air into 
the chamber base 33 after each of the checkerWorks 5a and 
6a Whereby the volume of air supplied is sufficient to 
produce at least approximate stoichiometric combustion. 
Control is by means of an oxygen sensor 35 and a controller 
36, Which in turn controls a frequency converter 37 con 
nected to the drive motor of the fan. The ?oW paths and the 
residence times of the Waste gases to the outlet of the raW 
material pre-heaters 13 and 14 are increased considerably 
and therefore at least approximate stoichiometric combus 
tion and/or oxidation of the remaining fuel quantities, 
including the secondary fuel, ultimately take place. This 
process is concluded at the latest at the gas outlet of the raW 
material pre-heaters 13 or 14, as is the almost complete 
reduction of the remaining NOx. It is of course also possible 
to use oxygen or oxygen-enriched air so that the volume of 
Waste gas is decreased. Above approximately 600° C. com 
bustion occurs and beloW approximately 600° C. oxidation 
takes place. 

FIG. 3 shoWs the opposing ?oW paths of the preheated 
combustion air (arroW 38) and the Waste gases (arroW 39). 
It is evident that the same burners 10 and 11 are operated 
alternately to supply primary or secondary fuel, so that 
additional burners are not necessary. 

1“ COMPARATIVE EXAMPLE 

In an installation according to FIGS. 1—3, 240 tonnes per 
day of charging material consisting of batch With a cullet 
ratio of 70% Were melted in the furnace With an e?iciency 
of 50%, but Without a reduction in the level of NOx. The 
theoretical energy consumption amounted to 2,430 kJ/kg 
glass, While the actual energy consumption amounted to 
4,860 kJ/kg glass. The theoretical Waste gas volume With 0% 
O2 Was 14,175 Nm3/h and 17,506 Nm3/h With 4% O2. The 
batch gases amounted to 923 Nm3/h. Gas emissions totaled 
18,429 Nm3/h. 
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The batch temperature after the raW material pre-heater 
Was 250° C. This calculates to an energy supply of 2,310,000 
kJ/h and energy savings of 4,620,000 kJ/h at an ef?ciency of 
50% in the furnace. The fuel gas savings amounted to 128 
Nm3/h. The Waste gas volume amounted to 15,846 Nm3/h at 
an O2 ratio of 4%. With batch gas emissions of 923 Nm3/h 
a total Waste gas volume of 16,767 Nm3/h Was achieved. The 
ef?ciency of the furnace Was 55%. 

2nd COMPARATIVE EXAMPLE 

In an installation according to FIGS. 1—3, 240 tonnes per 
day of charging material, consisting of batch With a cullet 
ratio of 70%, Were melted in the furnace With an ef?ciency 
of 50%, but With a reduction in the NOx, level. The theo 
retical energy consumption amounted to 2,430 kJ/kg glass, 
While the actual energy consumption Was 4,860 kJ/kg glass. 
The theoretical Waste gas volume With 0% O2 amounted to 
14,175 Nm3/h and 17,506 Nm3/h With 4% O2. The batch 
gases amounted to 923 Nm3/h. Gas emissions totaled 18,429 
Nm3/h. 
As a result of the use of secondary fuel the batch tem 

perature after the raW material pre-heater was 4500 C. This 
calculates to an energy supply of 4,500,000 kJ/h and energy 
savings of 9,000,000 kJ/h at an ef?ciency of 50% in the 
furnace. The fuel gas savings amounted to 250 Nm3/h. A 
Waste gas volume of 14,264 Nm3/h at an O2 ratio of 4% Was 
produced. With batch gas emissions of 923 Nm3/h a total 
Waste gas volume of 15,187 Nm3/h Was achieved. The 
furnace efficiency Was 61.3%. 

3rd COMPARATIVE EXAMPLE 

The test as described in the second example Was repeated, 
but it differed in that the Waste gas temperature Was 
increased to 600° C. by the addition of a larger volume of 
secondary gas. 

The batch temperature after the raW material pre-heater 
Was 600° C. as a result of the use of 127 Nm3/h secondary 
fuel. At 4% O2 the Waste gas volume amounted to 16,834 
Nm3/h. The Waste gas temperature after the raW material 
pre-heater taking the preheating losses into consideration, 
amounted to 386° C. and the total fuel gas volume Was 1,227 
Nm3/h, equivalent to 4,416 kJ/kg glass. The efficiency level 
of the furnace Was 55.02%. 

FIG. 4 shoWs the so-called Boudouard equilibrium 
diagram, Which illustrates the process of oxidation from CO 
to CO2. Temperatures from 400—1000° C. are shoWn on the 
abscissa, While the relative volume content of CO2 is shoWn 
on the left ordinate and the relative volume content of CO is 
shoWn on the right ordinate [sourcez “Manual of Inorganic 
Chemistry” by Hollemann/Wiberg, 1958, page 306, pub 
lished by Walter de Gruyter & Co. Berlin]. 

The diagram shoWs that at temperatures of 400° C. and in 
the presence of carbon or carbon compounds the balance 
betWeen CO and CO2 shifts very strongly toWards CO as 
temperature increases. Therefore at 650° C. there is a 
balance betWeen approximately 60 vol. % CO2 and 40 
vol.-% CO. This indicates that With energetically favorable 
Waste gas temperatures for the highest possible batch 
preheating, the unWanted formation of CO in the Waste gases 
increases strongly. 

In contrast to this, the surprising effect of the object of the 
invention is based on the temperature control of the quantity 
of secondary fuel relative to the primary fuel as described by 
the invention, combined With the use of the raW material 
pre-heater in the Waste gas path. The combined effect of 
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10 
these ensures that the temperature of the Waste gases lies in 
an advantageous range in Which, as a result of the Boud 
ouard equilibrium, the shift from CO to CO2 takes place 
Within an acceptable time period, and that as a result of the 
additional ?oW paths in the raW material pre-heaters, the 
residence time is extended so that the CO is almost com 
pletely oxidiZed to CO2, Without the necessity to add air in 
an inaccessible part of the regenerator chamber. 
The reduction of the CO content does not take place 

simultaneously With that of the NOx content, as it occurs by 
oxidation of the CO present during the phase of loWer gas 
velocity in the raW material pre-heaters at temperatures at 
Which the CO oxidation still takes place fast enough even 
Without combustion. 

The invention can be summariZed as folloWs: 

When melting a glass from charging materials 12 in a 
furnace 1 With burners 10 and 11 and With regenerators 5 and 
6 for the recovery of Waste heat, oxygen and primary fuel are 
supplied in the region around the ?ame roots under slightly 
sub-stoichiometric conditions to cover the energy require 
ment for the melting process. In order to further reduce the 
contents of NOx, and CO in the Waste gases by means of 
reburning or post oxidation beyond the ?ame, secondary 
fuel and, further doWnstream, additional air are added so that 
NOx, is reduced by means of the secondary fuel in or above 
the checkerWork 5a and 6a and reburning or post oxidation 
of the CO takes place doWnstream as a result of the 
introduction of air, such that ?nally approximately stoichio 
metric combustion takes place. The Waste gases are used to 
heat the charging material in at least one raW material 
pre-heater 13 and 14 before they enter a Waste gas stack 15. 
In order to ensure almost complete recovery of the energy 
content of the fuel and a continuous How of the charging 
material, the temperature of the Waste gases from the regen 
erators 5 and 6 are measured in front of the entry into the at 
least one raW material pre-heater 13 and 14, and the volume 
of the secondary fuel is adjusted in accordance With the 
temperatures measured. 
The secondary fuel need not be identical With the primary 

fuel; and the use of methane is advantageous as a secondary 
fuel. All knoWn types of equipment such as direct or indirect 
heat exchangers can be used as raW material pre-heaters; 
hoWever particular preference is shoWn for those raW mate 
rial pre-heaters Which have a particularly large cross section 
in relation to the amount of raW material ?oWing per unit 
time and therefore achieve a long residence time for raW 
materials and Waste gases. From the above description, it is 
apparent that the objects of the present invention have been 
achieved. While only certain embodiments have been set 
forth, alternative embodiments and various modi?cations 
Will be apparent from the above description to those skilled 
in the art. These and other alternatives are considered 
equivalents and Within the spirit of scope of the present 
invention. 

It should be understood that I Wish to embody Within the 
scope of the patent Warranted hereon all such modi?cations 
as reasonably and properly come Within the scope of my 
contribution to the art. 

I claim as my invention: 
1. A process for melting glass from charging material, 

Which charging material begins to stick at a predetermined 
temperature, in U-?ame and cross-?red furnaces With burn 
ers for fossil fuels and With regenerators for recovery of 
Waste heat from Waste gases for preheating combustion air, 
comprising the steps of: 

adding controlled quantities of oxygen and primary fuel in 
an area around ?ame roots at said burners under 
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slightly sub-stoichiometric conditions to provide an 
amount of heat required for the melting process, 

adding secondary fuel and additional air further doWn 
stream of the ?ame to further reduce NOx, and CO 
contents of the Waste gases by re-burning beyond the 
?ame, 

such adding occurring in such a Way that ultimately 
approximately stoichiometric combustion takes place 
using the Waste gases to preheat the charging material 
in at least one raW material pre-heater before the Waste 
gases enter a Waste gas stack, 

measuring a temperature of the Waste gases from the 
regenerators in front of an entry of the at least one raW 
material pre-heater, and 

adjusting a quantity of the secondary fuel in accordance 
With the temperatures measured, so that the tempera 
ture of the Waste gases in front of the entry into the at 
least one raW material pre-heater is at least 400° C. 

2. The process according to claim 1 including the step of 
adjusting the quantity of the secondary fuel so that the 
temperature of the Waste gases in front of the entry into the 
at least one raW material pre-heater remains beloW said 
temperature at Which the charging material tends to stick. 

3. The process according to claim 1, including the steps of 
providing said regenerators With a checkerWork for receiv 
ing Waste gases, and introducing combustion air into the 
Waste gases beloW the checkerWork of the regenerators for 
re-burning. 

4. The process according to claim 3, including the step of 
oxidiZing the Waste gases at least partially in the at least one 
raW material pre-heater. 

5. The process according to claim 1, including the steps of 
regulating the amounts of primary and secondary fuel sup 
plied to the burners in such a Way that during a furnace 
heating phase the steps include introducing the quantity of 
primary fuel required for the melting via a main supply line 
With a ?rst, open shut-off valve and during a re-burning 
phase, introducing such quantities of secondary fuel by a 
bypass line parallel to the main fuel supply line, providing 
said bypass line With a control valve and at least one second, 
open shut-off valve, varying the quantity of secondary fuel 
in accordance With the temperature measurement of the 
Waste gas in front of the entry into the at least one raW 
material pre-heater in such a Way that the temperature of the 
Waste gases in front of the entry into the raW material 
pre-heaters is at least 400° C. and is beloW the temperature 
at Which the charging material tends to stick, and alterna 
tively sWitching over the shut-off valves in the main supply 
line and in the bypass line in accordance With the reversal of 
the ?oW direction of the combustion gases above the glass 
melt. 

6. A control system for melting glass from charging 
material in U-?ame and cross-?red furnaces having primary 
and secondary burners for fossil fuels and having regenera 
tors for the recovery of Waste heat from Waste gases for the 
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preheating of combustion air, said control system being 
arranged to control and introduce amounts of oxygen and 
primary fuel into an area around ?ame roots at said burners 
to provide a heat requirement of a glass melting process, said 
control system further being arranged to control and intro 
duce secondary fuel and additional air doWnstream of a 
?ame from said primary burners, in order to further reduce 
a NOx and CO content in the Waste gases by means of at least 
one of re-burning and post oxidation in such a Way that 
ultimately approximately stoichiometric combustion takes 
place, at least one raW material pre-heater arranged to 
receive Waste gases from said furnace and said burners for 
the preheating of the charging material upstream of a Waste 
gas stack, said control system comprising: 

a controller and a control valve in a secondary fuel line, 

a temperature sensor, for measuring the Waste gas 
temperature, installed in each ?ue for the Waste gases 
emitted from the relevant regenerator, in front of the 
entry to the at least one raW material pre-heater, 

said temperature sensor having an output connected to the 
controller and control valve, such that a quantity of 
secondary fuel is regulated in accordance With the 
measured Waste gas temperatures to maintain said 
Waste gas temperature at said sensor at least at 400° C. 

7. The control system according to claim 6, Wherein said 
control system is arranged to maintain the measured Waste 
gas temperature at said sensor beloW a temperature at Which 
the charging material tends to stick. 

8. The control system according to claim 6, Wherein each 
control system for the regulation of the amounts of primary 
and secondary fuels supplied to the burners comprises: 

a main supply line for the primary fuel With a shut-off 
valve, 

a bypass line, installed parallel to the main supply line, for 
the secondary fuel, With the controller and the control 
valve provided therein and further having at least one 
second shut-off valve, 

a connection of the output of the temperature sensor to the 
control system and the control valve in the bypass line 
through the controller in such a Way that it is possible 
to add such quantities of secondary fuel to the Waste 
gases in front of the entry into the raW material pre 
heater by means of the control valve so that the 
temperature of the Waste gases in front of the entry into 
the raW material pre-heater is at least 400° C. and is 
beloW the temperature at Which the charging material 
tends to stick, and 

an arrangement for the shutoff valves in the main supply 
line and in the bypass line to be sWitched over alter 
nately by the control system in accordance With a 
reversal of a ?oW direction of the combustion gases 
above a glass melt in the furnace. 

* * * * * 


